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ABSTRACT : 

A device and method for separating heavier and lighter 
fractions of a fluid 

sample. The device includes a plurality, of constituents 
comprising a 



container and a composite element in the container. The 
composite element is a 

separator comprising at least two components and more 
particularly, a bellows 

with a seal body, a low-density float and a high-density 
ballast. A fluid 

sample is delivered to the container and the device is 
subjected to 

centrifugation whereby the centrifugal load causes the seal 
body of the 

separator to deform so that the separator migrates through 
the fluid sample and 

then stabilizes between the heavier and lighter fractions 
of the fluid sample. 

The seal body of the separator will resiliently return to 
its initial 

configuration upon termination of the centrifugal load such 
that the seal body 

sealingly engages the container and the composite element 
separates the heavier 

and lighter fractions of the fluid sample. <IMAGE> 
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(54) Device and method for separating components of a fluid sample 



(57) A device and method for separating heavier 
and lighter fractions of a fluid sample. The device 
includes a plurality, of constituents comprising a con- 
tainer and a composite element in the container. The 
composite element is a separator comprising at least 
two components and more particularly, a bellows with a 
seal body, a low-density float and a high-density ballast. 
A fluid sample is delivered to the container and the 
device is subjected to centrifugation whereby the cen- 
trifugal load causes the seal body of the separator to 
deform so that the separator migrates through the fluid 
sample and then stabilizes between the heavier and 
lighter fractions of the fluid sample. The seal body of the 
separator will resiliently return to its initial configuration 
upon termination of the centrifugal load such that the 
seal body sealingly engages the container and the com- 
posite element separates the heavier and lighter frac- 
tions of the fluid sample. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] This invention relates to a device and method for separating heavier and lighter fractions of a fluid sample. 
More particularly, this invention relates to a device and method for collecting and transporting fluid samples whereby 
the device and fluid sample are subjected to centrifugation in order to cause separation of the heavier fraction from tiie 
10 lighter fraction of the fluid sample. 

2. Description of Related Art 

[0002] Diagnostic tests may require separation of a patient's whole blood sample into components, such as serum 
15 or plasma, the lighter phase component, and red blood cells, the heavier phase component Samples of whole blood 
are typically collected by venipuncture tiirough a cannula or needle attached to a syringe or an evacuated collection 
tube. Separation of the blood into serum or plasma and red biood cells is tiien accomplished by rotation of the syringe 
or tube in a centrifuge. Such arrangements use a barrier for moving into an area adjacent the two phases of the sample 
being separated to maintain the components separated for subsequent examination of the individual components. 
20 [0003] A variety of devices have been used in collection devices to divide the area between the heavier and lighter 
phases of a fluid sample. 

[0004] The most widely used device includes thixotropic gel materials such as polyester gels in a tube. The present 
polyester gel serum separation tubes require special manufacturing equipment to prepare the gel and to fill the tubes. 
Moreover, the shelf-life of the product is limited in that overtime globules may be released from tiie gel mass. These 

25 globules have a specific gravity that is less than the separated serum and may float in the serum and may clog tiie 
measuring instruments, such as the Instrument probes used during the clinical examination of the sample collected in 
the tube. Such clogging can lead to considerable downtime for the instrument to remove the clog. 
[0005] No commercially available gel is completely chemically inert to all analytes. If certain drugs are present in 
the blood sample when it is taken, there can be an adverse chemical reaction with the gel interface. 

30 [0006] Therefore, a need exists for a separator device that (i) is easily used to separate a blood sample; (ii) is inde- 
pendent of temperature during storage and shipping; (iii) is stable to radiation sterilization; (iv) employs the benefits of 
a tiiixotropic gel barrier yet avoids tiie many disadvantages of placing a gel in contact with the separated blood compo- 
nents; (v) minimizes cross contamination of the heavier and lighter phases of the sample during centrifugation; (vi) min- 
imizes adhesion of the lower and higher density materials against the separator device; (vil) is able to move into position 

35 to form a bamer In less time tiian conventional methods and devices; (viii) is able to provide a clearer specimen with 
less cell contamination than conventional methods and devices; and (ix) can be used with standard sampling equip- 
ment. 

SUMMARY OF THE INVENTION 

40 

[0007] The present invention is a method and assembly for separating a fluid sample into a higher specific gravity 
phase and a lower specific gravity phase. Desirably, the assembly of the present invention comprises a plurality of con- 
stituents. Preferably, the assembly comprises a container and a composite element. 

[0008] Most preferably, the container is a tube and the composite element is a separator arranged to move in the 
45 tube under the action of centrifugal force in order to separate the portions of a fluid sample. 

[0009] Most preferably, the tube comprises an open end, a closed end and a sidewall extending between the open 
end and closed end. The sidewall comprises an outer surface and an inner surface. The tube further comprises a clo- 
sure disposed to fit in the open end of the tube with a resealable septum. Alternatively, both ends of the tube may be 
open, and k>oth ends of the tube may be sealed by elastomeric closures. At least one of the closures of the tube may 
50 include a resealable septum. 

[0010] Preferably, the separator element is releaseably positioned at the open end of the tube with the closure. 
Alternatively, the separator element may also be releasably positioned at the closed end of the tube. 
[0011] Preferably, the closure may furtiier include a bottom recess that extends into the tube having a plurality of 
inwardly extending circumferential ly spaced flexible walls or a flexible full ring for holding the separator. 
55 [001 2] Preferably the separator element comprises an overall specific gravity at a target specific gravity of at. The 
target specific gravity is that required to separate a fluid sample into at least two phas s. 

[0013] Preferably, th separator connprises at least two or more regions of differing specific graviti s. Pref rably, at 
least one of tiie regions is higher than tiie target specific gravity and at least one of the regions is lower tiian the target 
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specific gravity. Preferably, the separator element comprises a torold or a bellows, a foam or a float and a sinker or a 
ballast. The bellows comprises opposed first and second ends and a seal body extending between the ends. The uter 
diameter of the seat body is larger than the Inner diameter of the tube for sealing engagement. Most preferably, the seal 
body has elastic properties. 

5 [0014] Most preferably the float is securely mounted to the first end of the bellows and the ballast is securely 
mounted to the second end of the bellows. 

[001 5] Alternatively, the bellows comprises a first end that is a resealable septum and an open second end. 
[001 6] Preferably, the separator may be initially located at any position within the tube. Most preferably, the separa- 
tor is held in position at the top of the tube by an interference fit between the seal body and the tube inner diameter. 
10 [001 7] Preferably, the separator has central passageway that extends from the first end through the seal body and 
to the second end of the bellows. 

[0018] Preferably, the bellows has a specific gravity of about 0.8 to about 1.2. Most preferably, the bellows is made 
from an elastomer which has a 50% tensile modulus (YOUNGS) from about 100 psi to about 500 psi. 
[001 9] Desirably, the seal body may be comprised of any natural or synthetic elastomer or mixture thereof, that are 
15 inert to the fluid sample of interest and is flexible. 

[0020] Preferably, the seal body comprises a qualitative stiffness, expressed as follows: 




whereby S* is the non-dimensional stiffness coefficient, k is a force required to deflect the bellows a given length, a is 
the applied acceleration, D is the diameter of the seal body and the density of water. 
[0021] Desirably, the qualitative stiffness of the seal body Is from about 0.00006 to about 190. 
25 [0022] Preferably, the seal body may be subjected to a characteristic or radial deflection under an applied toad, 
such as an axialiy applied load. The characteristic or radial deflection is defined as a change in length of the sea! body 
relative to the change in cross section diameter of the seal body Preferably, the seal body has a characteristic or radial 
deflection ratio of about 1 .5 to about 3.5. 

[0023] Preferably, the seal body when subjected to an applied load, such as centrifugation. to cause axial defbrma- 
30 tion of the sea! body, the change in cross section diameter may be expressed as follows: 



wherein ADm is from about 5% to about 20%. 

[0024] Therefore, a change in cross section diameter of the seal body is proportional to the undef lected cross sec- 
tion diameter of the seal body Preferably, the proportion is from about .03 to about .20. 

[0025] Desirably, the ballast is a substantially rigid moldable thermoplastic material such as polyvinyl chloride. po\- 
40 ystyrene, polyethylene, polypropylene, polyethyleneterethalate, stainless steel, polyester and mixtures thereof that are 
inert to the fluid sample of interest. Most preferably, the ballast Is a high density material. Preferably, the ballast is 
mounted around the second end of the bellows so as not to interfere with the central passageway of the separator. Most 
preferably, the ballast has a useful specific gravity from about 1.1 to about 7.9. 

[0026] Desirably, the float is attached to the first end of the bellows whereby the float is in direct communication with 
45 the central passageway Preferably, the float comprises small holes to bleed the air out of the central passageway of the 
separator Most preferably, the float has a density from about .06 to about .95. Preferably, the f toat is a low density mate- 
rial such as polyethylene, polypropylene, polystyrene, foam, an air encapsulated system or a mixture of materials that 
reseal. 

[0027] Preferably, the separator has an aggregate specific gravity of atx)ut 1 .028 to about 1 .09 g/cc so that the sep- 
so arator will come to rest under centrifugal force substantially at the border between the heavier and lighter phases of a 
fluid sample under consideration. 

[0028] Preferably, the separator as a whole will function under load created by an applied acceleration from about 
300g to about 3000g. 

[0029] Preferably, the separator is initially secured to the top area of the tube and in alignment with the closure. The 
55 separator is fitted at the top end of the tube whereby the bellows of the separator, which provides the largest diameter 
of the separator in its undeformed state, may have an interference fit with th inner surface of the sidewall of the tube. 
[0030] In use, a fluid sampi nters the assembly by needle. The needle p netrates the closure and the float of the 
separator. The sample enters the assembly through the needle and through the central passageway f the bellows and 




before 



X 100% = AD 
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then into the body of the tube. The needle is withdrawn from the assembly and the septum of the closure and the float 
r seats. 

[0031] The assembly is then subjected to centrifugation. Forces exerted by the centrifuge cause the seat body to 
separate from th inner wall of the tube whereby the seal body elongates due to the difference in the buoyancy of the 
s different elements of the separator. Under centrifugation, the separator migrates axially down the tube towards the 
closed end to the desired interface. 

[0032] Sufficient movement of the separator will cause the separator to contact the blood. The ballast at the second 
end of the bellows moves axially downward under the centrifugal loading. The optional air bleed holes in the float or the 
resealabte septum of the bellows serve to control the descent rate of the separator into the fluid sample. 
10 [0033] Following immersion of the separator in the fluid, the float provides a buoyant upward force on the separator 
due to the displaced fluid. Simultaneously, the ballast provides an axial force downward on the separator. The combined 
forces stretch the seal body axially causing radial movement of the seal body inwardly which pulls it out of contact with 
the inner wall of the tube so that it is free to move axially without any frictionat drag. 

[0034] Therefore, a path is developed between the inner wall of the tube and the separator that permits the flow of 
IS the low-density component past the separator as it migrates down the tube. Migration of the separator terminates when 
it reaches the position between the lower density fluid component and higher density fluid or cellular/solid components, 
equal to its overall density. Upon terminating centrifugation, the seal body expands to its undeformed shape, sealing 
against the inner wall of the tube, thereby creating a barrier between the higher and lower density components of the 
sample fluid. 

20 [0035] The separator's position at the top of the tube in alignment with the closure and the separator's float and cen- 
tral passageway, provides easy direct loading of the fluid sample into the tube. Thus, the fluid sample is easily delivered 
into the tube without exposing the uncentrifuged fluid sample to the outer surface area of the separator. 
[0036] When the fluid sample is blood, the higher specific gravity portion that contains the cellular components is 
between the separator and the bottom of the tube after centrifugation. The lower specific gravity portion that contains 

25 the cell free serum or plasma fraction is between the float of the separator and the top of the tube. 

[0037] The separator of the present invention conrprises a useful range of parameters and there are two principle 
driving equations for defining the parameters: 

30 

(conservation of mass) 

{(a,-a,)V,.{a,-a,)V,)p, = 8-I^k 



(force balance) 

[0038] The following non-dimensional parameters may then be substitute into the force balance: 
40 V3*=V^/D^V,*=V^/D^;S*=k/ap^D'^ 
to an-ive at: 

^ {(a,-aOV,*-(a,-<7,)V3*)»6-^.S* 



So as to scale prototypes to any size device, wherein the following are defined: 

50 o^, Qf, are the specific gravities of the bellows, float and ballast, respectively; 

Vt. Vf, Vg are the volumes of the bellows, float and ballast, respectively; 
is the density of water: 

k is the separator spring constant; 

a is the applied acceleration: and 
55 5 is the deflection ration defined by: AUAD, where AL is the change in length. 

[0039] The left side of the equation can be an infinite number of combinations of mat rials and geometries and if It 
is equal to the product of the right side it can be concluded that the d vice will function. 
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[0040] Desirable values for the right side of the equation are as follows: 

6 = 1.5-3.5 
AD/D = .05 to .2 
5 S* = 0.043 to 0.220. 

[0041] Atternatively, the separator element may comprise an arrangement comprising a bellow member, a ballast 
member and a buoyancy or a float member. 

[0042] Most preferably, the bellow member is made of a material and shape which allows deflections caused by 
10 opposing forces. 

[0043] Most preferably, the buoyancy member has a component density whereby it has the capability of floating in 
serum of a blood sample. Preferably, the buoyancy member is made of a low density material such as foam or a material 
or mixture of materials so that it simulates a low density matericil such as foam. 

[0044] Most preferably, the ballast member has a component density whereby rt has the capability of sinking in a 
15 blood sample. Preferably, the ballast member is made of a high density material such as a suk)stantially rigid moldable 
thermoplastic material. Such materials include but are not limited to polyvinyl chloride, polystyrene, polyethylene, poly- 
propylene, stainless steel, polyester and mixtures thereof that are inert to the fluid sample of interest. 
[0045] Most preferably, the separator element is arranged whereby the ballast member and buoyance members are 
connected and a central passageway extends through them. The bellow member covers the entrance to the central 
20 passageway and provides a plerceable barrier extending across the entrance to the central passageway 

[0046] Most preferably the separator elements are assembled to create opposing forces to deflect the bellow mem- 
ber Inwardly and allow it to move axialty in the tube while under the proper loading. 

[0047] Most preferably the overall density of the separator is the target density whereby to cause the device to 
position itself between the higher and lower density of a fluid sample. 
25 [0048] Desirably the bellow member may be comprised of any natural or synthetic elastomer or mixture thereof, 
that are inert to the fluid sample of interest and is flexible. 

[0049] Preferably the bellow member comprises a qualitative stiffness, expressed as follows: 



30 




whereby S* is the non-dimensional stiffness coefficient, k is a force required to deflect the bellow member a given 
length, a is the applied acceleration, D is the diameter of the bellow member and is the density of water. 

35 [0050] Desirably the qualitative stiffness of the bellow member is from about 0.00006 to about 1 90. 

[0051] Preferably the bellow member may be subjected to a characteristic or radial deflection under an applied 
load, such as an axially applied load. The characteristic or radial deflection is defined as a change in length of the bellow 
member relative to the change in cross section diameter of the bellow member. Preferably, the bellow member has a 
characteristic or radial deflection ratio of about 1 .5 to about 3.5. 

40 [0052] Preferably the bellow member when subjected to an applied load, such as centrifugation, to cause axial 
deformation, the change in cross section diameter may be expressed as follows: 

^ before 

4o 

wherein AD^^ is from about 5% to about 20%. 

[0053] Therefore, a change in cross section diameter of the bellow member is proportional to the undeflected cross 
section diameter of the bellow member. Preferably the proportion is from about .03 to about .20. 
so [0054] Desirably the ballast member is a substantially rigid moldable thermoplastic material such as polyvinyl chlo- 
ride, polystyrene, polyethylene, polypropylene, polyester and mixtures thereof that are inert to the fluid sample of inter- 
est. Most preferably the ballast member is a high density material. Most preferably the ballast member has a useful 
specific gravity from about 1 .1 to about 7.9. 

[0055] Desirably the buoyancy member has a useful specific gravity from about .06 to about .95. Preferably the 
55 buoyancy member is a low density material such as foam or encapsulated air. 

[0056] Preferably the separator has an aggregate specific gravity of about 1 .028 to about 1 .09 g/cc so that the sep- 
arator will come to rest under centrifugal force substantially at the border between the h avi r and lighter phases of a 
fluid sample under consideration. 
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[0057] Preferably, the separator as a whole will function under load created by an applied acceleration from about 
300g to about 3000g. 

[0058] Preferably, the separator is initially secured to the bottom recess of the closure. The separator is fitted with 
the closure whereby the bellows member of separator, which provides the largest diameter of the separator in its unde- 
s formed state, has a fit with the bott m recess of the closure. Altematively, the separator may also be releasably posi- 
tioned at the closed end of the tube. 

[0059] In use, a fluid sample enters the assembly by needle. The needle penetrates the closure and the bellow 
member of the separator. The sample enters the assembly through the needle and through the central passageway of 
the separator and then into the body of the tube. The needle is withdrawn from the assembly and the septum of the clo- 

10 sure and the bellow member reseals. 

[0060] The assembly is then subjected to centrlfugation. Forces exerted on the separator by the centrifuge cause 
the separator to separate from the closure or move from its initial position whereby the bellow member elongates as the 
separator migrates due to the forces pulling on it Under centrlfugation, the separator is released from the closure. The 
separator migrates axially down the tube towards the closed end. 

15 [0061 ] Sufficient movement of the separator will cause the separator to contact the blood. Air trapped in the central 
passageway creates a buoyancy that could prevent further sinking of the separator into the fluid. However, the trapped 
air vents through a defect in the bellow member that is caused by the needle. This venting of air permits further move- 
ment of the separator into the fluid. 

[0062] Following immersion of the separator in the fluid, the buoyancy member provides a buoyant upward force on 
20 the separator due to the displaced fluid. Simultaneously, the ballast member provides an axial force downward on the 
separator. The combined forces stretch the bellow member axially and pulls it out of contact with the closure so that it 
is free to move axially without any frictional drag. 

[0063] Therefore, a path is developed between the inner wall of the tube and the separator that permits the flow of 
the low-densrty component past the separator as it migrates down the tube. Migration of the separator terminates when 
25 it reaches the position between the lower density fluid component and higher density fluid or cellular/solid components, 
equal to its overall density. Upon terminating centrlfugation. the bellow member expands to its undeformed shape, seal- 
ing against the inner wall of the tube, thereby creating a barrier between the higher and lower density components of 
the sample fluid. 

[0064] The separator's position at the top of the tube in alignment with the closure and the separator's penetrable 
30 bellows member and central passage, provides easy direct loading of the fluid sample into the tube. Thus, the fluid sam- 
ple is easily delivered into the tube without exposing the uncentrifuged fluid sample to the outer surface area of the sep- 
arator. 

[0065] When the fluid sample is blood, the higher specific gravity portion that contains the cellular connponents is 
between the separator and the bottom of the tube after centrlfugation. The lower specific gravity portion that contains 
35 the cell free serum or plasma fraction is between the bellows of the separator and the top of the tube. 

[0066] The separator of the present invention comprises a useful range of parameters and there are two principle 
driving equations for defining the parameters: 

40 

(conservation of mass) 

/ / \ w / \ v# \ 6 • AD • k 
( (a^ - at ) V, -(a^-a^) V,) = 

45 

(force balance) 

[0067] The following non-dimensional parameters may then be substitute into the force balance: 
50 V3*=Vs/D^V,*=V,/D^;S*=k/ap^D^ 
to arrive at: 

55 ((cTf-<'t)Vr-(a,-a,)V/)=6-^.S* 



So as to scale prototypes to any size device, wherein the following are defined: 
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(Tf, af Oq are the specific gravities of the bellow member, buoyance member arxj ballast member, respectively; 
Vt, Vf, Vg are the volumes of the bellow member, buoyance member and ballast member, respectively; 

is the density of water; 
k is the separator spring constant; 
s a is the applied acceleration; and 

6 is the deflection ration defined by: AUAD, where AL is the change in length. 

[0068] The left side of the equation can be an infinite number of combinations of materials and geometries and if it 
is equal to the product of the right side it can be concluded that the device will function. 
10 [0069] Desirable values for the right side of the equation are as follows: 

6 = 1.5-3.5 
AD/D = .05tO.2 
S* = 0.043 to 0.220. 

[0070] The assembly of the present invention is advantageous over existing separation products that use gel. In 
particular the assembly of the present invention will not interfere with analytes as compared to gels that may interfere 
with analytes. Another attribute of the present invention is that the assembly of the present invention will not interfere 
with therapeutic drug monitoring analytes. 

[0071] Most notably is that the time to separate a fluid sample into separate densities is achieved in substantially 
less time with the assembly of the present invention as compared to assemblies that use gel. 
[0072] Another notable advantage of the present invention is that fluid specimens are not subjected to low density 
gel residuals that are at times available in products that use gel. 

[0073] A further attribute of the present invention is that there is no interference with instrument probes. 
[0074] Another attribute of the present invention is that samples for blood banking tests are more acceptable than 
when a gel separator is used. 

[0075] Another attribute of the present invention Is that only the substantially cell-free serum fraction of a blood 
sample is exposed to the top surface of the separator, thus providing practitioners with a clean sanrple. 
[0076] Additionally, the assenrdsly of the present invention does not require any additional steps or treatment by a 
medical practitioner, whereby a blood or fluid sample is drawn in the standard fashion, using standard sampling equip- 
ment. 

DESCRIPTION OF THE DRAWINGS 
35 [0077] 

FIG. 1 is a perspective view of the assembly of the present invention. 

FIG. 2 is a longitudinal sectional view of the assembly of FIG. 1 taken along line 2-2 thereof. 

40 

FIG. 3 is a longitudinal sectional view of the assembly of FIG. 1 taken along line 2-2 thereof illustrating fluid delivery 
into the assembly by a needle. 

FIG. 4 illustrates that assembly under centrifugation and the release of the separator from the gripping means of 
45 the closure. 

FIGS. 5 and 5A illustrates the assembly after centrifugation and the separation of the liquid sample into higher and 
lower specific gravities. 

50 FIG. 6 is a perspective view of the unassembled elements of the assembly of the present invention. 
FIG. 7 is a perspective view of an alternate embodiment of the assembly of the present invention. 
FIG. 8 is a longitudinal sectional view of the assembly of FIG. 7 taken along line 8-8 thereof. 

55 

FIG. 9 is a longitudinal s ctional view of the assembly of FIG. 7 taken along line 8-8 thereof illustrating fluid delivery 
into the ass mbly by a needle. 
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FIG. 10 and 1 1 illustrates that assembly under centrifugation and the release of the separator from the gripping 
means of the closure. 

FIQ. 12 illustrates the assembly after centrifugation and the s paration of the liquid sample into higher and lower 
s specific gravities. 

FIQ. 13 is a perspective view of the unassembled elements of the asseni)ly of the present invention. 

DETAILED DESCRIPTION 

10 

[0078] The present invention may be embodied in other specific forms and is not limited to any specific embodi- 
ments described in detail, which are merely exemplary Various other modifications will be apparent to and readily made 
by those skilled in the art without departing from the scope and spirit of the invention. The scope of the invention will be 
measured by the appended claims and their equivalents. 
15 [0079] One embodiment of the present invention is illustrated in FIGS. 1 to 6. wherein assembly 20 comprises a 
tube 30, a closure 50 and a separator 70. 

[0080] Tube 30 has an open end 32 that includes a top edge 33. a closed end 34 and a sidewall 36 extending 
between the open end and the closed end. Sidewall 36 has an outer surface 38 and an inner surface 40. Tube 30 
defines a receptacle with a central axis "A". 
20 [0081 ] Tube 30 is preferably made from a substantially transparent and rigid material. Suitable materials or the tube 
include glass, polystyrene, polyethyleneterephthalate, polycarbonate and the like. 

[0082] Closure 50 is disposed to fit over open end 32 of tube 30. Closure 50 comprises an annular upper portion 
52 which extends over top edge 33 of sidewall 36 and a lower annular portion or skirt 54 of lesser diameter than the 
annular upper portion 52 which extends into and forms an interference fit with inner surface 40 of sidewall 36 for main- 
25 taining stopper 50 in place in open end 32. 

[0083] Annular upper portion 52 includes a top surface area 56, sidewall 58 that converges from surface area 56 
towards upper well area 60. Well area 60 is most preferably a thin diaphragm or a self sealing septum for directing and 
receiving the point of a needle to be inserted into and through the stopper. 

[0084] Lower annular skin portion 54 defines a lower well 62. an inner wall surface, 64 an outer wall surface 66 and 
30 a bottom surface 68. Well area 60 and lower well area 62 define a thin diaphragm or self-sealing septum through which 
a needle may be inserted. The self sealing septum material allows penetration by a piercing element such as a needle 
and then reseals when the piercing element is withdrawn. 

[0085] An annular ledge or abutment 57 separates annular upper portion 52 and lower annular portion 54. 
[0086] Preferably, the closure maybe made of natural rubber elastomer, synthetic thermoplastic and thermoset 
35 elastomeric materials. Preferably, the closure is made of a resilient elastomeric material whereby the septum is self- 
sealing. 

[0087] As shown in FIG. 6. separator 70 comprises an elastic toroid or an elastic bellows 72, a low-density foam or 
a low density float 90 and a high-density sinker or a high density ballast 110. The components of the separator are 
formed from materials to exhibit a combined density less than the density of red blood cells, but greater than the density 

40 of serum of a Wood sanople. 

[0088] Bellows 72 includes a top section 86, a bottom section 88. and a seal body 91 extending from the top section 
to the bottom section with a central passageway 98 extending between the ends and the seal body 
[0089] Low-density float 90 is located at top section 86 and ballast 1 1 0 is located at bottom section 88. Ballast 1 1 0 
surrounds bottom section 88 without obstructing central passageway 98. Low density float 90 is at top section 86 and 

45 in direct alignment with central passageway 98. 

[0090] Low-density float 90 comprises small holes 95 to bleed air out of central passageway 98 when in use. 
[0091 ] The outside diameter "a" of top section 86 and the outside diameter "b" of bottom section 88 is less than the 
outside diameter "c" of the seal body when the seal body Is in its undefbrmed position. 

[0092] Seal body 91 of bellows 72 and the inner wall of the tube form an interference fit. The low-density float and 
50 the high-density ballast do not interfere with the inner wall of the tube. 

[0093] Bellows 72 may be assembled by mounting float 90 over top section 86 and ballast 110 around the outer cir- 
cumference of bottom end 88. The separator is then inserted into the open end of the tube. Sufficient radial interference 
causes the seal body to sealingly engage the inner tube sidewall. 

[0094] As shown in FIG. 3, a liquid sample A is delivered to the tube by a needle that penetrates closure 50 in upper 
55 well area 60 and the float. For purposes of illustration only the liquid sample is blood. The liquid sample is delivered into 
the passageway of the separator so that the liquid sample is introduced between closed end 34 f the tube and tfie sep- 
arator whereby the outer surface of all components of the separator are substantially free of any contact with the fluid 
sample. 
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[0095] As shown in FIG. 4 when assembly 20 Is subjected to centrifugation or axial centrifugation force, seal body 
91 of separator 70 deflects, releases from the inner wall of the tube and descends towards closed end 34 of tub 30. 
As the s parator descends, a lower specific gravity fraction B of fluid sample A mov s upwardly past the separator. Air 
will be trapped in the passageway when the bottom section of the bellows contacts the fluid sample. This trapped air 

5 could restrict further downward movement of the separator. However, the small holes in the float defines a path through 
which trapped air may escape the passageway. Thus, separator 70 is permitted to sink into the fluid sample. 
[0096] As the separator descends, seal body 91 of the separator deflects reducing its diameter and eliminating its 
interference fit with the inner wall of the tube. This opens up a path 100 between the tube and the separator, permitting 
the flow of the low-density component of the fluid past the separator as the separator migrates down the tube. The tow 

10 residual density component inside the passageway 98 of the separator will migrate downwardly and upwardly past the 
separator. 

[0097] As shown in FIGS. 5 and 5A, after centrifugation is terminated, the absence of the centrifugal load will cause 
tubular portion to resiliency return toward an underfbrmed condition and tightly seal with the inner wall of the tube as 
shown in FIG. 5. Thus, separator 70 serves as a divider between lower specific gravity portion B and higher specific 

15 gravity portion C of the liquid sample. 

[0098] Tube 30 is compatible with most of the numerous additives used in sample collection tubes such as citrates, 
silicone, silicates, EDTA and the like that are used to condition the sample either to facilitate or retard clotting, or to pre- 
serve the sample for a particular analysis. It is within the purview of this invention that one or more additives may be 
used in the present invention for particular applications. 

20 [0099] FIGS. 7-13 represent an alternative embodiment of the present invention. 

[0100] As illustrated in FIGS. 7-13. the alternative embodiment comprises assembly 120. which comprises a tube 
130, a closure 150 and a separator 170. 

[0101] Tube 130 has an open end 132 that includes atop edge 1 33, a closed end 134 and a sidewall 136 extending 
between the open end and the closed end. Sidewall 136 has an outer surface 138 and an inner surface 140. Tube 130 
25 defines a receptacle with a central axis "A". 

[0102] Tube 130 is preferably made from a substantially transparent and rigid material. Suitable materials or the 
tube include glass, polystyrene, polyethyleneterephthatate, polycarbonate and the like. 

[01 03] Closure 1 50 is disposed to fit over open end 1 32 of tube 1 30. Closure 1 50 comprises an annular upper por- 
tion 152 which extends over top edge 133 of sidewall 136 and a lower annular portion or skirt 154 of lesser diameter 
30 than the annular upper portion 152 which extends into and forms an interference fit with inner surface 140 of sidewall 
136 for maintaining stopper 150 in place in open end 132. 

[0104] Annular upper portion 152 includes a top surface area 156, sidewall 158 that converges from surface area 
1 56 towards upper well area 1 60. Well area 1 60 is most preferably a thin diaphragm or a self sealing septum for direct- 
ing and receiving the point of a needle to be inserted into and through the stopper. 
35 [01 05] Lower annular skin portion 1 54 defines a lower well 1 62. an inner wall surface, 1 64 an outer wall surface 1 66 
and a bottom surface 168. Well area 160 and lower well area 162 define a thin diaphragm or self -sealing septum 
through which a needle may be inserted. The self sealing septum material allows penetration by a piercing element 
such as a needle and then reseals when the piercing element is withdrawn. 

[0106] An annular ledge or abutment 157 separates annular upper portion 152 and lower annular portion 154. 
40 Located on bottom surface 168 of lower annular portion 154 are gripping means 169 that are used to initially align and 
hold the separator. 

[0107] Preferably, the closure maybe made of natural rubber elastomer, synthetic thermoplastic and thermoset 
elastomeric materials. Preferably, the closure is made of a resilient elastomeric material whereby the septum is self- 
sealing. 

45 [0108] As shown in FIGS. 12 and 13. separator 170 comprises a bellow member 172. a low-density buoyance or 
float member 190 and a high-density sinker or ballast member 210. The components of the separator are formed from 
materials to exhibit a combined density less than the density of red blood cells, but greater than the density of serum of 
a blood sanple. 

[0109] Buoyancy member 190 comprises a top section 211 a bottom section 212 and a central passageway 214 
50 extending continuously between the ends. 

[0110] Bellow member 172 comprises a rupturable elastomeric material such as Kraton copolymer, a urethane or 
PVG. Bellow member 172 includes a bottom 188, a top 186, a seal body 191 extending between the top and bottom, 
an initially conically convex top wall 199 at top 186. 

[01 1 1 ] Ballast member 21 0 comprises a cylindrical sidewall 220 extending from a top end 221 to a bottom end 222 
55 and a central passageway 223 extending between the top and bottom ends. 

[0112] The separator is assembled whereby ballast member 210 is fitted with bellow member 172 top end 221 of 
ballast m mber 21 0 is fitted within convex top wall 1 99 and then the bottom end of the ballast member is joined with top 
section 211 of the buoyance member whereby central passageway 223 extends from top wall 199 through to bottom 
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end 222 of the ballast member 210. 

[0113] As shown in FIG. 9, a liquid sample A is delivered to the tube by a needle that penetrates closure 150 in 
upper well area 160 and conical top wall 199 of bell w member 172. For purposes of illustration only, the liquid sample 
is blood. The liquid sample is delivered into the passageway of the separator so that the liquid sample is introduced 
5 between closed end 34 of the tube and the separator whereby the outer surface of all components of the separator are 
substantially free of any contact with the fluid sample. 

[01 14] As shown in FIGS. 1 0 and 1 1 when assembly 1 20 is subjected to centrifugation or axial centrifugation force, 
seal body deflects, whereby the separator release from the closure and descends towards closed end 134 of tube 1 30. 
As the separator descends, a lower specific gravity fraction B of fluid sample A moves upwardly past the separator. 
10 [01 1 5] As the separator descends, seal body 1 91 of the separator deflects reducing its diameter and eliminating its 
interference fit with the inner wall of the tube. This opens up a path 300 between the tube and the separator, permitting 
the f tow of the low-density component of the fluid past the separator as the separator migrates down the tube. The low 
residual density component inside central passageway 223 of the separator will migrate downwardly and upwardly past 
the separator. 

15 [0116] After centrifugation is terminated, the absence of the centrifugal load will cause the seal body to resiliently 
return toward an undeformed condition and tightly seal with the inner wall of the tube as shown in FIG. 12. Thus, sep- 
arator 1 70 serves as a divider between lower specific gravity portion B and higher specific gravity portion C of the liquid 
sanriple. 

[0117] Tube 130 is compatible with most of the numerous additives used in sample collection tubes such as cit- 
20 rates, silicone, silicates, EDTA and the like that are used to condition the sample either to facilitate or retard clotting, or 
to preserve the sample for a particular analysis. It is within the purview of this invention that one or more additives may 
be used in the present invention for particular applications. 

EXAMPLE 1 

25 

[01 18] An assembly of the present invention was compared to a commercially available product that uses a gel as 
the separator mechanism. Ten samples of the present invention and ten samples of the commercial product were used. 
The commercial product was VACUTAINER Brand PLUS SST® tubes (trademarks of and manufactured by Becton 
Dickinson and Co., Franklin Lakes, NJ) (Catalog No. 367988). 

30 [01 1 9] The separator of the present Invention comprising a bellows, a float, and a ballast were made from separate 
molds using an irijection molding process. The bellows was made from a GLS Dynaflex® G6725 thermoplastic elas- 
tomer compound (DYNAFLEX® is a trademark of and manufactured by GLS Corporation, Cary, Illinois) having a spe- 
cific gravity of 0.889. The float was made from a pre-compounded blend of Eastman LDPE 1870-A and 3M Scotchlite™ 
glass bubbles S60 (SCOTCHLITE™ is a trademark of and manufactured by 3M, St. Paul, MN) to yield a specific gravity 

35 of about 0.809. The ballast was made from Eastar® MN058 copolyester (EASTAR® is a trademark of and manufac- 
tured by Eastman Chemical Company, Kingsport, TN) with a specific gravity of about 1.335. 
[0120] The separator was assembled with a closure designed to receive the separator and then with a tube. The 
assembly was assembled and evacuated to a level which yield 8.5 ml blood draw. 

[0121] A blood sample was directed into each of the ten samples of the present invention and the commercial prod- 
40 uct. Each sarrple was placed in a floor model centrifuge and centrifuged at 1000 RCF for five minutes. The separator 
of the present invention and that of the commercial product migrated into position and formed a seat between the serum 
and the red blood cells/clot. The serum analytes were then measured and reported in Table 1 . In clinical chemistry, ana- 
lytes (components in human blood) are measured and used to aid in the diagnosis and monitoring of diseased states 
in human patients. The results of Table 1 show that the present invention, which has a non-gel separator, yields com- 
45 parable serum analyte values as to the commercial product that contains a gel as the separator. 
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TABLE 1 



15 



AnalyteNolo 


Glucose 


BUN 


Creatinine 


Sodium 




Present Invention 


124.2 


14.5 


1.0 


138.1 




PLUS SST 


124 


14.5 


0.96 


138.1 






Analyte N=10 


Potassium 


Chloride 


C02 


Magnesium 




Present Invention 


4.4 


101,5 


22.9 


1.65 




PLUS SST 


4.35 


100.7 


23.7 


1.63 






Analyte Nolo 


Calcium 


Inorganic phosphorous 


Total Protein 


Albumin 




Present Invention 


9.3 


3.53 


7.15 


4.3 




PLUS SST 


9.3 


3.57 


7.15 


4.2 






Analyte N:=10 


Bilirubin 


Alkaline Phosphatase 


LDH, Total 


GGT 


AST 


Present Invention 


0.7 


65.2 


163.5 


23.2 


26 


PLUS SST 


0.6 


63.5 


141.7 


23.1 


25.1 




Analyte N=10 


ALT 


Uric Acid 


Iron 


Triglyceride 


Cholesterol 


Prototype 


25 


4.3 


99.9 


127.1 


199.6 


PLUS SST 


25 


4.2 


97.5 


125.6 


197.2 



EXAMPLE 2 

35 [0122] The separator of the present invention comprising a bellows, a float, and a ballast, were made from separate 
molds using an injection molding process. The bellows was made from GLS Dynaf lex® G6725 thermoplastic elastomer 
compound (DYNAFLEX® is a trademark of and manufactured by GLS Corp., Gary, III) having a specific gravity of 0.889. 
The float was made from a pre-conrpounded blend of Dow LDPE 9931 and Uniroyal Chemical Celogen® 754A to yield 
a specific gravity of 0.782. The ballast was made from Eastar® MN058 copolyester (ESTAR® is a trademark of and 

40 manufactured by Eastman Chemical Conpany, Kingsport, TN) with a specific gravity of 1.335. The separator was 
assembled with a closure designed to receive the separator and then with a tube. The assembly was assembled and 
evacuated to a level which yield 8.5 ml blood draw. 

[0123] A blood sample was directed into each sample. Then each sample was placed in a floor model centrifuge 
and centrifuged for three minutes. The separator of the present invention and that of the commercial product migrated 
45 into position and formed a seal between the serum and the red blood cells/dot The serum analytes were then meas- 
ured and reported in Table 2. 
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TABLE 2 





Analyte 


Phosphiipid 


BUN 


Creatinine 


Creatine Kinase 


Sodium 




5 


Present Inven- 
tion 


209.9 


13.23 


0.71 


108.9 


139.7 






PLUS SST 


208.2 


13.3 


0.715 


107.7 


139.7 




10 




Anaiyte 


Potassium 


Chloride 


UIBC 


Chollnesterase 


Calcium 






Present Inven- 
tion 


4.1 


101.5 


280.9 


283.4 


9.4 




15 


PLUS SST 


4.1 


101,5 


277.2 


281.8 


9.4 










Anaiyte 


Inorganic phos- 
phorous 


Total Protein 


Albunnin 


Direct Bilirubin 


Total Bilirubin 




20 


Present inven- 
tion 


4.1 


7.3 


4.41 


0.165 


0.683 






PLUS SST 


3.4 


7.2 


4.39 


0.163 


0.685 




25 


Anaiyte 


Bilirubin 


Alkaline Phos- 
phatase 


LDH. Total 


GQT 


LAP 


AST 




Present Inven- 
tion 


0.165 


184.6 


325.2 


17.95 


56.1 


23 




PLUS SST 


0.163 


182.6 


323.9 


18 


56.1 


22.8 


30 






Anaiyte 


Anrylase 


ALT 


Uric Add 


Iron 


Triglyceride 


Cholesterol 


35 


Present Inven- 
tion 


197.2 


21.3 


56.1 


89.5 


94 


183 


PLUS SST 


194.8 


21.5 


56.1 


89.5 


91.5 


182.2 



EXAMPLE 3 



40 [0124] An assembly of the present invention was compared to a commercially available product that has a gel com- 
ponent as the separator mechanism. A sample of the present invention and a sample of the commercial product were 
used. The commercial product was VACUTAINER Brand PLUS SST® tubes (trademarks of a manufactured by Becton 
Dickinson and Co., Franklin Lakes, NJ, Catalog No. 367988). The separator of the present invention comprising a bel- 
lows, a float, and a ballast, were made from separate molds using an injection molding process. The bellows was made 

46 from GLS Dynaflex® G6730 thermoplastic elastomer compound (DYNAFLEX® is a trademark of an manufactured by 
GLS Corp., Gary HI) having a specific gravity of 0.889. The float was made from a pre-compounded blend of Dow LDPE 
9931 and Uniroyal Chemical Celogen® 754A to yield a specific gravity of 0.782. The ballast was made from pigmented 
Eastar® MN058 copolyester (EASTAR® is a tradennarkof and manufactured by Eastman Chemical Co.. Kingsporl, TN) 
with a specific gravity of 1 .335. The separator was positioned at the bottom of the tube. 

50 [01 25] A blood sample was directed into each of the samples of the present invention and the commercial product. 
Then each sample was placed in a floor model centrifuge and centrifugal for ten minutes. The separator of the present 
invention and that of the commercial product migrates into position and forms a seal between the plasma and the red 
blood cells. The plasma analytes were measured and reported in Table 3. 
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TABLE 3 



15 



25 



30 



35 



40 





Gucose 


BUN 


Creatinine 


Sodium 




Initial 


24hrs 


Initial 


24hrs 


Initial 


24hrs 


Initial 


24 hrs 


Present Invention 
Tube N=3 


51 


38 


19 


19 


1.1 


1.1 


140 


143 


PLUS PSTTube 
N=1 


49 


29 


19 


20 


1.1 


1.2 


142 


142 






Potassium 


Chloride 


Calcium 


Phosphorus. Inorganic 




Initial 


24hr& 


Initial 


24hr& 


Initial 


24hr6 


Initial 


24 hrs 


Present Invention 
Tube N=3 


4.1 


4.4 


104 


104 


9.3 


9.7 


3.7 


3.6 


PLUS PSTTube 


4.0 


4.2 


104 


104 


9.5 


9.6 


3.9 


3.9 






Protein, Total 


Albumin 


Cholesterol 


Bilirubin, Total 




Initial 


24hrs 


Initial 


24hrs 


Initial 


24hrs 


Initial 


24 hrs 


Present Invention 
Tube N^3 


7.8 


7.8 


4.6 


4.7 


176 


179 


1.0 


0.8 


PLUS PSTTube 


7.7 


7.7 


4.6 


4.7 


175 


173 


1.0 


0.8 






Alkaline Phosphatase 


LDH 


GGT 


AST 




Initial 


24hrs 


Initial 


24hrs 


Initial 


24hrs 


Initial 


24 hrs 


Present Invention 
Tube N=3 


0.97 


0.67 


153 


166 


12 


13 


23 


22 


PLUS PST Tube 
N=1 


1.0 


0.8 


149 


170 


13 


13 


23 


22 






ALT 


Uric Acid 


Iron, Total 


Triglycerides 




Initial 


24hrs 


Initial 


24hrs 


Initial 


24hrs 


Initial 


24 hrs 


Present Invention 
Tube N=3 


17 


18 


3.8 


4.1 


351 


352 


82 


87 


PLUS PST Tube 
N=1 


17 


17 


3.7 


4.0 


344 


353 


81 


83 



50 Claims 

1 . An assembly for separating a fluid sample into a higher specific gravity phase and a lower specific gravity phase 
comprising: 

55 a separator element comprising a bellows, a float and a ballast; 

a said bellows comprising opposed first and second ends, a seal body extending between said ends and a cen- 
tral passageway extending through said bellows; 
a said float is mounted to said first end of said bellows; and 
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a said ballast is mounted to said second end of said bellows. 

An assembly for separating a fluid sample into a higher specrfic gravity phase and a tower specific gravity phase 
comprising: 

a tube comprising an open end, a closed end, an inner diameter, an outer diameter and a sidewall extending 
between said open end and said closed end; 

said sidewall comprising an outer surface and an inner surlace; 

a closure disposed in said open end of said tube; 

a separator element movable axially in said tube under the action of centrifugal force; 

said separator element providing selectively an annular seal and an open passage there around in response 
to pressure differentials in said tube above and below said separator; 

said separator element comprising a bellows, a float and a ballast; 

said bellows comprising opposed first and second ends, a seal body extending between said ends for selec- 
tively providing an interference fit and an open passage with said inner surface of said sidewall of said tube in 
response to alternating equal and different pressures above and below said separator and a central passage- 
way extending through said bellows to direct said fluid sample into said assenrisly; 

said float is mounted to said first end of said bellows and comprising a density less than the specific gravity of 
said fluid sample; and 

said ballast Is mounted to said second end of said bellows and comprising a density greater than the specific 
gravity of said fluid sample. 

A method for s^arating a fluid sample into a higher specrfic gravity phase and a lower specific gravity phase, com- 
prising the steps of: 

(a) providing a tube comprising an open end, a closed end, an inner diameter, an outer diameter and a sidewall 
extending between said open end and said closed end and comprising an outer surface and an Inner surface; 

(b) providing a closure disposed in said open end of said tube comprising a resealable septum; 

(c) providing a separator element comprising a bellows, a float and a ballast whereby said bellows conprises 
opposed first and second ends, a seal body extending between said ends for selectively providing an interfer- 
ence fit and an open passage with said inner surface of said sidewall of said tube in response to alternating 
equal and different pressures above and below said separator, and a central passageway extending through 
said bellows; said float comprising a resealable septum is mounted to said first end of said bellows and said 
ballast is mounted to said second end of said bellows; 

(d) providing said separator element in said tube whereby said seal body conriprises an interference fit with said 
inner wall; 

(e) providing a needle that penetrates said closure and sakJ float; 

(f) delivering a fluid sample to said tube whereby said sample enters through said needle and through said cen- 
tral passageway of said bellows and then into said body of said tube. 

(g) removing said needle from said assembly whereby said septum of said closure and said float reseals; 

(h) subjecting said tub with said separator element t centrifugation whereby said seal body separates from 
said inner wall of said tube and said separator migrates axially in said tube whereby the low density component 
of the sample migrates down the tube; and 
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(i) terminating said centrifugation whereby said seal body expands to its underformed shaping, sealing against 
said inner wall of said tube, thereby creating a banrier between said higher and lower d nsity components of 
said fluid sample. 

A separator for separating a fluid sample into a higher specific gravity phase and a lower specific gravity phase 
comprising: 

a separator element conprising a bellow member, a ballast member and a buoyancy member; 

said bellow menober comprising a bottom section, a top section, a seal body extending between said top sec- 
tion and said bottom section and an initially conically convex top wall at said top section; 

said buoyancy member comprising a top section, a bottom section and a central passageway extending con- 
tinuously between said ends; 

said ballast member comprising a top end, a bottom end, a sidewall extending between said top end and said 
bottom end and a central passageway surrounded by said sidewall extending between said top end and said 
bottom end; and 

whereby said bellow member is fitted within said convex top wall of said bellow member and said ballast mem- 
ber is joined to surround said buoyancy member whereby a central passageway extends from said convex top 
wall to said bottom end of said ballast member. 

An assembly for separating a fluid sample into a higher specific gravity phase and a lower specific gravity phase 
comprising: 

a tube corrprising an open end, a closed end, an inner diameter, an outer diameter and a sidewall extending 
between said open end and said closed end; 

said sidewall comprising an outer surface and an inner surface; 

a closure disposed in said open end of said tube comprising means to engage said bellows member of said 
separator; 

a separator element movable axial ly in said tube under the action of centrifugal force; 

said separator element providing selectively an annular seal and an open passage there around in response 
to pressure differentials in said tube above and below said separator; 

said separator element comprising a bellow member, a ballast member and a buoyancy member; 

said bellows member, a bottom section, a top section, a seal body extending between said top section and said 
bottom section and an initially conically convex top wall at said top section; 

said buoyancy member comprising a top section, a bottom section and a central passageway extending con- 
tinuously between said ends; and 

said ballast member conprising a top end, a bottom end, a sidewall extending between said top end and said 
bottom end and a central passageway surrounded by said sidewall extending between said top end and said 
bottom end. 

A method for separating a fluid sample into a higher specific gravity phase and a lower specific gravity phase, com- 
prising the steps of: 

(a) providing a tube comprising an open end, a closed end. an inner diameter, an outer diameter and a sidewall 
extending between said open end and said closed end and comprising an outer surface and an inner surface; 

(b) providing a separator lament comprising a bellow member, a ballast member and a buoyancy member; 
said bellows member, a bottom section, a top section, a seal body extending between said top section and said 
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bottom section and an initially conical ly convex top wall at said top section; said buoyancy member comprising 
a top section, a bottom section and a central passageway extending continuously between said ends; and said 
ballast member comprising a top end, a b ttom end. a sidewall xtending betw en said t p end and said bot- 
tom end and a central passageway sun-ounded by said sidewall extending between said top end and said bot- 
tom end; 

(c) providing a closure disposed in said open end of said tube comprising means to engage said bellows mem- 
ber of said separator; 

(d) engaging said separator with said closure; 

(e) providing a needle that penetrates said closure and said float; 

(0 delivering a fluid sample to said tube whereby said sample enters through said needle and through said cen- 
tral passageway of said bellows and then into said body of said tube. 

(g) removing said needle from said assembly whereby said septum of said closure and said float reseals; 

(h) subjecting said tube with said separator element to centrifugation whereby said seal body separates from 
said inner wall of said tube and said separator migrates axially in said tube whereby the low density component 
of the sample migrates down the tube; and 

(i) terminating said centrifugation whereby said seal body expands to its underformed shaping, sealing against 
said inner wall of said tube, thereby creating a barrier between said higher and lower density components of 
said fluid sample. 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 8 
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FIG-12 
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FIG- 13 
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